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THE ANTIGENIC PROPERTIES OF A  PROTEIN 
COMPOUNDED  WITIff  CASEIN.* 
BY  FREDERICK  P.  GAY,  M.D.,  AND T.  BRAILSFORD  ROBERTSON. 
(From the Hearst Laboratory  of Pathology and Bacteriology,  and  the Rudolph 
Spreckels  Physiological  Laboratoi'y  of  the  University  of  California,  Berkeley.) 
One  of  the  most promising methods of  attack  on  the  obscure 
problem of 'biological specificity would seem to lie in the search for 
newly  formed antigenic properties  in proteins  compounded either 
of non-antigenic proteins,  or of an antigenic with a  non-antigenic 
protein.  It was with this method in mind .that we sought for pos- 
sible antigenic properties in the mixture of the amino acids  (gluta- 
mic  acid  plus  leucin)  in  the  proportion  in  Which  they  occur  in 
casein  (i).  No success was  obtained in this case,  however.  We 
have since studied in more detail the antigenic properties of  pro- 
tamin  (salmin)  as  compared with  a  compound substance  that  it 
forms with casein. 
The preparation of the pure casein that  we have employed and 
the properties of a potent antiserum to i,t have been discussed in the 
previous article.  The methods of preparing protamin and protamin 
caseinate are as  follows: 
Protamin  (Salmin).--A  member  of  the  protamin  group,  namely,  salmin 
(according  to  Taylor  (2),  the  protamin  which  is contained  in  the  sperm  of  the 
Pacific salmon is identical with  the  salmin  found  in  the  sperm of the European 
salmon),  was  prepared  by  the  method  of  Kossel  (3)  as  follows: 
The ripe testicles of the Pacific salmon were minced and  the  macerated  mass 
which  was  thus  obtained  was  shaken  up  in  tall glass  cylinders  with  five or  six 
times  its  volume of  distilled  water.  The  thick  suspension  of  sperm  which  was 
thus obtained  was  syphoned  off from the subnatant  connective tissue and  curdled 
by  the  addition  of  80  c.c.  per  liter  of N/io  acetic  acid.  The  curdled  mass  of 
sperm  was  then  washed  in  ten  times  its  volume of  95  per  cent.  alcohol;  this 
washing  was  repeated  twice;  it  was  then  washed  once  in  the  same  volume of 
absolute  alcohol and  then  in  the  same  volume of  ether.  The  powder,  wet  with 
ether,  was spread  out upon filter paper  to dry in the air in a  warm dry place. 
Each  15 gin. of the dried  sperm was  then  stirred  up in 350  c.c. of  1 per cent. 
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sulphuric acid  (by volume)  for about  six hours.  This mixture was  then  filtered 
and  the  filtrate  obtained  from  the  extraction  of  15  gin.  of  sperm  was  placed 
in  a  tall  glass  cylinder  of  about  4,0oo  c.c.  capacity  which  was  then  filled  with 
absolute  alcohol.  After  allowing the  precipitate  to  settle,  the  supernatant  fluid 
was  syphoned  off,  the  precipitate  contained  in  two  cylinders  was  collected  in 
one, and  this  was  again filled With alcohol.  The  entire precipitate,  suspended  in 
alcohol,  from the extract of  30o gin. of  sperm,  was  dissolved by the addition  of 
about 4  liters of hot water  (about  80  ° C.) ;  the least soluble portion  was  filtered 
off,  and  the  remainder  reprecipitated  by  the  addition  of  IO volumes  of  alcohol. 
This  precipitate  was  washed  once  in  the  same  volume of  alcohol  as  that  em- 
ployed in precipitation and then  in a  like volume of ether.  The final suspension 
of  salmin  sulphate  in  ether,  obtained  after  syphoning  off the  supernatant  ether, 
was  collected on  a  hardened  filter,  dried  over  sulphurie  acid  at  4o  ° C.  for  two 
days  and  then  pulverized and  sifted.  The product  is a  friable,  white  powder. 
Protamln  Casdnate.--It  was  pointed  out  by  Kossel  (4)  that  when  members 
of  the  protamin  group  are  mixed  with  other  proteins  in  weakly  alkaline  solu- 
tions  precipitates  are  produced.  Kossel  suggested  that  the  protamins  combine 
with  other  proteins  to  form  compounds  analogous  to  the  naturally  occurring 
histons.  Hunter  (5)  has  further  investigated  these  precipitates  and  finds  that 
crystalline  egg-albumin,  casein,  homielastin,  gelatin,  edestin,  hetero-albumose, 
protalbumose,  alkali-albuminate,  and  histon  sulphate  form  compounds  with 
protamins  which  are  insoluble  in  ammoniacal  solutions.  According to  Hunter, 
the compound  of casein with clupein contains  I  part  in 3-5 of clupein. 
Many  attempts  were  made  to  obtain  salmin  caseinate  in  quantity  with  but 
poor  success.  It  was  not  until  nearly  all  immediately  available  supplies  of 
salmin  were  used  up  that  it was  found  that  one of the  most  important  sources 
of  difficulty lay  in  the  fact  that  salmin  caseinate  is  soluble,  or  at  least  forms  a 
permanent  suspension,  in  the  presence  of  excess  of  ammonium  caseinate.  Fin- 
ally,  a  very small  amount  of a  substance  that  was  presumably  salmin  caseinate 
was  prepared  in  the  following manner: 
2.4  gm.  of  salmin  sulphate  were  dissolved  in  20o  c.e.  of  N/Io  ammonia 
and  5  gm.  of  casein  were  dissolved  in  2oo  c.c.  of  water  containing  15o  c.c.  of 
N/Io ammonia.  The two  solutions  were  filtered and  then  mixed  and  diluted  to 
3,6oo  c.c.  A  very fine granular  precipitate  formed very slowly and  settled,  leav- 
ing  the  supernataat:fluid  distinctly  opalescent.  This  precipitate  was  collected 
upon  a  hardened  filter, washed  in  large  volumes of  alcohol  and  ether,  (ammo- 
nium caseinate is soluble in alcohol containing traces of water  (Robertson  (6)), 
so that any adherent casein would be removed by this  procedure)  and  dried over 
sulphuric  acid.  The yield was  only 0.7  gm.  The  substance  was  insoluble,  only 
a  portion  dissolving even in N/Io alkali.  An  approximate  determination  of the 
nitrogen  content  made  upon  a  very  small  sample  (5o  mg.)  yielded  the  result 
N ~--- 15.8 per cent., practically the nitrogen content of pure  casein.  The quantity 
obtained  was  insufficient to  carry  out  any  satisfactory  analyses  for  the  purpose 
of  determining the  relative proportion  of  salmin  and  casein  in  the  compound. 
Taylor  (7)  h,as  already  noted  that  protamin  obtained  by  the 
method  described  is  toxic  for  rabbits  and  has  also  mentioned  his Frederick  P. Gay and  T. Brailsford  Robertson.  481 
~failure  to produce an antiserum to the substance.  His  method of 
detecting antibodies was crude (visible cytolysis), 'and n'o details of 
experimentation are given.  We have found it difficult to carry out 
anything approaching an immunization process in rabbits,  owing to 
the toxicity of the protamin and the fact that successive doses show 
no evidence of increased tolerance.  Thus of three rabbits that were 
given successive subcutaneous or intraperitoneal  injections  of  five 
cubic centimeters of a 2 per cent. solution of protamin in salt solution, 
only one survived four injections given at intervals of four or five 
days.  Symptoms of coltapse with increased respiration and tachy- 
cardia follow the injections by either route.  Recovery is 'apparently 
complete in an hour or two, but the animals lose weight rapidly and 
die four or five days later with no obvious lesions.  Rabbit 50 with- 
stood  four  injections  of  five  cubic  centimeters  of  a  2  per  cent. 
solution given at intervals of five days and was bled eight days later 
and the serum inactivated for the following tests. 
Our  preparation  of  protamin  caseinate  differs  markedly  from 
protamin  in being  absolutely non-toxic  for  rabbits  even when  in- 
jected intravenously.  The preparation goes only partially into solu- 
tion even in N/Io potassium hydroxid, but in the case of intraperi- 
toneal  or  subcutaneous  injections  for  immunization, the  insoluble 
residue  as  well  as  the  supernatant  solution  was  injected.  Thus 
rabbit 54 was given two cubic centimeters of a  I  per cent. protamin 
caseinate solution intravenously, followed by two subcutaneous in- 
jections of ten and five cubic centimeters each, at intervals of eight 
and five days respectively.  These injections were followed by two 
more  in,  traperitoneal  injections  ten  and  thirteen  days  later  of 
thirteen and ten cubic centimeters each.  The  animal  was bled  to 
death eight days later. 
It need scarcely be noted that the greatest care was exercised in 
obtaining  chemical  cleanliness  in  these  experiments.  A  separate 
new Rosenau syringe was kept for injections of each of these sub- 
stances, as in the experiments recorded in the previous article. 
Fixation  experiments ~were then  carried  out  with  sera of these 
two  treated  animals  (5 °  and  54)  as  well  as  with  the  anticasein 
serum animal (IOI) that has 'been already described.  The technical 
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in  the  previous  article.  The  following  table  summarizes  several 
experiments that have been made in cross fixation between protamin, 
protamin caseinate, and  casein,  and  their corresponding antisera. 
TABLE I. 
Fixation  Reactions  between  Protamin,  Protamin  Caseinate,  and  Casein, and 
the Sera of Animals Repeatedly  Injected with Each of  Them. 
Antiserum to protamin 
Antigenic solution x per cent.  (rabbit 5  o). 
in volume of x c.c.  560 C., o.3 c.c. 
Protamin .............  Negative  o.1 c.c. 
Protamin caseinate ....  Negative  o.l c.c. 
Casein ................................... 
Antiserum to protamin 
caseinate (rabbit 54). 
560 C., 0.3 c.c. 
Negative 
O.I C.C. 
Positive 
O.O00Z C.C.  + 
Positive 
O.O00I C.C. 
Antiserum to casein 
(rabbit xoz). 
56° C., 0.  3 c.c. 
Negative o.I c.c. 
Positive  o.ooz  c.c. 
Positive  o.oooox c.c. 
It is evident  from these results that protamin  does not act as  an 
antigen in that it does not react with the serum of a  rab~)it that has 
received  repeated  injections  of  it  or of  protamin  caseinate.  Pro- 
tamin caseinate is  antigenic in virtue of its casein content,  reacting 
almost equally well both with  an antiserum  to  itself and  to  casein. 
The  antiserum  to  casein  conversely  gives  a  good  fixation  with 
protamin caseinate.  It is evident, therefore, that these experiments 
with a  compound of casein  and  a  non-antigenic protein  (protamin 
caseinate)  throw no light on the origin  of specificity. 
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